The activity of IF-MP, a polypeptide chain initiation factor that forms a ternary complex with eukaryotic initiator Met-tRNA and GTP and promotes binding of the initiator to 40S ribosomes, is very low in undeveloped Artem-ia salina embryos but increases over 20-fold following resumption of development upon hydration of the cysts. The factor is present in both the ribosomal salt wash and highspeed supernatant. Its MATERIALS AND METHODS Preparation of IF-MP. IF-MP was partially purified from a 0.5 M KC1 ribosomal wash of developing A. salina embryos. Development and preparation of the unwashed ribosomal fraction were as described (21) except that the ribosomes were pelleted by centrifugation for 4 hr at 125,000 X g in a Spinco 60 Ti rotor. The ribosomal pellet from 300 g of cysts is gently suspended in 100 ml of low salt buffer A [20 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonlc acid (Hepes), pH 7.6, 70 mM KCI, 9 mM Mg(AcO)2, 0.1 mM EDTA, 1 mM dithiothreitol, 5% glycerol], stirred for 2.5 hr at 00, and centrifuged for 20 min at 55,000 X g to remove glycogen. The clear portion of the supernatant is collected and centrifuged at the same speed for 10 hr. The low salt ribosomal pellet is then suspended in 60 ml of buffer B [20 mM Hepes, pH 7.6, 0.1 mM EDTA, 0.5 M KC1, 5 mM Mg(AcO)2, 2 mM dithiothreitol, 5% glycerol], stirred for 4 hr at 00, and finally centrifuged for 5 hr at 125,000 X g. The high salt wash is dialyzed overnight against buffer C (20 mM Hepes, pH 7.6, 80 mM KCI, 0.1 mM EDTA, 1 mM dithiothreitol, 5% glycerol) and applied to a DEAE-cellulose column (Whatmann DE-52, 1.5 X 7 cm) equilibrated with the same buffer. The column is washed with buffer C containing 80 mM KC1, and the IF-MP activity is eluted with buffer C containing 180 mM KC1. This preparation also contained other initiation factors. For assay of IF-MP levels in cytosol and ribosomal washes of undeveloped and developed embryos (Table 1) , the high speed supernatant (S-125) and the 0.5 M KC1 ribosomal wash fractions were applied to a DEAE-cellulose column in buffer C containing 100 mM KC1, and IF-MP was eluted with buffer C containing 350 mM KC1. Protein was determined by the method of Lowry et al. (24) using bovine serum albumin as standard.
reactive with the formylated species, (c) forms a stable 40S complex from 40S or 80S ribosomes, and (d) requires template and additional factors for formation of the 80S initiation complex and Met-puromycin synthesis.
It appears that only IF-MP may be functional in the eukaryotic cytoplasm because mRNA translation in Artemia systems that contain IF-Ml but are free of other initiation factors (21) requires IF-MP and is not inhibited by antibody against A. salina IF-Ml (paper in preparation). This is consistent with the reversal by IF-MP of the inhibition of globin synthesis observed in reticulocyte lysates in the absence of hemin (22, 23) . Since the occurrence of IF-MP in A. salina had not previously been reported, we looked for this factor in ribosomal washes and supernatants of undeveloped and developing embryos. IF-MP activity is very low in undeveloped embryos but increases markedly with development.
MATERIALS AND METHODS
Preparation of IF-MP. IF-MP was partially purified from a 0.5 M KC1 ribosomal wash of developing A. salina embryos. Development and preparation of the unwashed ribosomal fraction were as described (21) except that the ribosomes were pelleted by centrifugation for 4 hr at 125,000 X g in a Spinco 60 Ti rotor. The ribosomal pellet from 300 g of cysts is gently suspended in 100 ml of low salt buffer A [20 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonlc acid (Hepes), pH 7.6, 70 mM KCI, 9 mM Mg(AcO)2, 0.1 mM EDTA, 1 mM dithiothreitol, 5% glycerol], stirred for 2.5 hr at 00, and centrifuged for 20 min at 55,000 X g to remove glycogen. The clear portion of the supernatant is collected and centrifuged at the same speed for 10 hr. The low salt ribosomal pellet is then suspended in 60 ml of buffer B [20 mM Hepes, pH 7.6, 0.1 mM EDTA, 0.5 M KC1, 5 mM Mg(AcO)2, 2 mM dithiothreitol, 5% glycerol], stirred for 4 hr at 00, and finally centrifuged for 5 hr at 125,000 X g. The high salt wash is dialyzed overnight against buffer C (20 mM Hepes, pH 7.6, 80 mM KCI, 0.1 mM EDTA, 1 mM dithiothreitol, 5% glycerol) and applied to a DEAE-cellulose column (Whatmann DE-52, 1.5 X 7 cm) equilibrated with the same buffer. The column is washed with buffer C containing 80 mM KC1, and the IF-MP activity is eluted with buffer C containing 180 mM KC1. This preparation also contained other initiation factors. For assay of IF-MP levels in cytosol and ribosomal washes of undeveloped and developed embryos (Table 1) , the high speed supernatant (S-125) and the 0.5 M KC1 ribosomal wash fractions were applied to a DEAE-cellulose column in buffer C containing 100 mM KC1, and IF-MP was eluted with buffer C containing 350 mM KC1. Protein was determined by the method of Lowry et al. (24) (21) . Since undeveloped embryo preparations promote chain elongation, they must be deficient in a factor(s) required for initiating translation of mRNA. As seen in Table 1 , IF-MP activity as measured by ternary complex formation with A. salina [35S]Met-tRNAj, is very low in undeveloped embryos but increases markedly during development. The factor is present in both the highspeed supernatant and the ribosomal wash fraction to the extent of about 30% and 70% of the total, respectively, but its specific activity is about 50-fold higher in the ribosomal wash. Properties of factor As found for IF-MP from other sources (13) (14) (15) (16) (17) (18) (19) (20) 27) , the retention of eukaryotic Met-tRNAr by nitrocellulose filters in the presence of the A. salina factor is markedly GTP-dependent (Fig. 1) . GDP (not shown) was inactive. The effect of GTP depends on the Mg2+ concentration. Under our conditions maximal stimulation by GTP occurred at 3 mM Mg2+ (Fig. IA) , a concentration that is optimal for natural mRNA translation in cell-free A. salina systems (21) . Fig. 1B (curve 1) shows that formation of the ternary complex is proportional to the concentration of IF-MP within a wide concentration range. Under our conditions the concentration of A.
salina Met-tRNAj giving maximal binding was about 0.1 tM (Fig. iC) , and formation of the ternary complex (Fig. ID,  curve 1 ) was essentially complete in 10 min.
Like IF-MP from other sources (17, 18) , the A. salina factor is sensitive to N-ethylmaleimide ( (Table 3) , it would appear that this factor is not species specific but only discriminates between prokaryotic and eukaryotic initiator tRNA. As further seen in Table 3 , rabbit reticulocyte fMet-tRNAj is about one-half as active as the nonformylated species in ternary complex formation. Under our conditions (Table 3) Fig.  2 . In the absence of 40S subunits ( Fig. 2A) there is only one peak of radioactivity near the top of the gradient. This peak undoubtedly corresponds to the [35S]Met-tRNAj-IF-MP-GTP ternary complex, for it decreases approximately to the extent that a new radioactive peak appears in the 40S region of the gradient upon addition of 40S subunits (Fig. 2B) . No radioactive peaks are seen (Fig. 2B, open circles) in the absence of either IF-MP or GTP. Fig. 2 (C and D) further shows that the GTP analog, GMPPCP, can efficiently substitute for GTP in formation of both the ternary and the 40S initiation complex. However, the 40S complex formed with GMPPCP cannot be converted to an 80S complex (19, 20) .
Note that a 40S complex is formed in the absence of added template (16, 19, 20) despite the fact that ribosomal subunits prepared from undeveloped A. salina embryos are devoid of messenger (21) .
DISCUSSION
Our results with A. salina IF-MP are in full accord with those reported with factor from other sources (13) (14) (15) (16) (17) (18) (19) (20) (29) .
